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(2i> 5ssts:f«sls!>«aj f^Usg Dats: 
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.. , !LJv W<fiey!«gseweg i, P,0, Bos I, 

NL-2gOO MA (NL). 



(75) l»¥eBt«rs/A}>pl>c3)sss (fifr US mki : UVtLmhM, l.(?c>nar- 

jit \L^v.kv |.\L \L ^Cdr>-cK-n \1 4S-^9 
Breds (KL>. VAN CJ^STKl, rr;im.ir.v;:j\ Jci^cphus. Cox- 

diiixi f"NI.'! BRi>rK.HiilZS;-.N, Cosncli?, f»c?i-^js |HL/ 
nt-ion AO AiRStsrdartf {HI.). 



(74) A^«t^i ViSSBR-LOmmK, OosSss ei ai; Osst-Sroesdes 
N.V., Patgste aiad Tmdemarfcs Dep&ttmemi WstedtJgse- 
weg U KO, Box m.'2m MA Peift (NL), 

(«i)1>eifJgsa1«a StsfesJ AT AU. .BB, B(X BS, BY, CA, CH. 
CiU Oli DK, ES. Ff, GK BD, iP, TiP, KR< K2, LK, 
LU, KIO. MN\ MW, NL, NO, T^Z. PL, FI, KO, liV, 
SEX Se. '5;K. UA. us, VN. Eawp?aj-> p&tm tAT, HC, 
Hfl, OK. ES, f R, GB, GR, IL H. Lt\ SiCs XL 
FT. Sei OAH fatem ?BF, TP, TO, CL ^ M, <;A, 
ON, ML. MRi HE SN, TD, TO)> 
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New P8§2 or Suf^ttltsin 30'5 m«ta«t mnm proJ«assss are prf>\ide<S havjrsg speciftc mtttsiiofts, tesalliag in a surprhjfigiy bst- 

n Wa^u >Ku I »<. ' J i . " o" <■> . i ( i < ' 2!> 15a 1<;4 i"^ 5*0 

dsse.t^ent-\ wheujer o? nc; sn wnxtJivJicx: v-iiU uhi:i caiyrjes, for esanipk AravK.-yi'*, ceUalssses and ifpss,s<!, Freffjrec mbixi.- 
ssents m the ?Wt asd S»biUis«t .?0§ Hiutacts liaving a tsj^tatsots aJ position i02 ss«i (» patticsta? lhos« having ai kas) os« far- 
nstststbn. 
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The pres<&nt invention relates to n®w high alkaline 
serine protease ssutasitjs having improved properties for use in 

detergents. These properties include is^proved stain reisovii^g 

IS ability in laimary detergent %;ashing compcssiltions, improved 

stain removing abi.l ity at low laundering tejsperature , issprov«a 

stai?xilty in laundry detergents upon storage and iiaprovsd 
stability in suds prepared fros the detergents, 

me of ensspaatic adaitiv^Ey in particular proteolytic 
kn d^t&rgsht cos^ositions to ssnafoie removal of protein 
hmmn astply aoc«ment®a* for «^Kam]ple th« 
S*&t«nt Applications EP»&-O2Z0S2i mm MP-h- 
0232269, U,S. Patents MOB. 4,400,03? ^ Re 30,602, thi© 
article «Proawctioii of Microbial s»3gy®es«, isxcroMal 
technology, vol* X C1S7S) 281-311, Acad^ic Press. 

i>etergent compositions, which are applied for hard 
25 surface cleaning, toilet cleaning, dish washing aM laundry 
cleamng, may be in a powder, liquid or paste forsa. Laundry 
detergents are generally diviaM into two issa^or types, liquids 
and powders. 

Proteolytic en?.ymes are generally difficult to cos^bine 
with detergent compositions. They saust be stable and aotive 
during application, for example in removing proteinaoeous 
stains frojs te^ctile during washing at teisperatures ranging frois 
about iO*c to over €0»C, Furthensore they laiiet fee stable for 
prolonged periods of tixae during storage in the detergent 
35 product, consequently, ensiles have to tee stable and functional 
in the presence of sequestering agents, surfactants, high 
alls^linity, often bleaching agents, and elevated tea^peratisre , 
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AS there exist neither universal lauudtT aetergents nor 
universal washing coiiditions (pH, teisp^srature , sud-- 
concentratiori , vater hardn«sss) tSsat are tjsed all over the 
world, the dejaands on ansysses may vary based on tbis type of 

S detergent in which they are used and on the washing corsditiorus , 
h cosjjaercially isspostant g.roup of proteases is that of 
the- so-called high alkslins proteases, derived trom alkalo- 
phllic Bacilli' I'he comir.ercialiy available high alkaline 
protease product !>!A3CACAL* (Gist -brocades/ 1 BIS) contains the 

ic serine protease *'PB92»% derived frosa Ik^i^illKl^ J^ovo sp. PS92 
13. Fat«nt ^Je. Ho» 30,60a), Jts aisino acid sequence Is 
aisciosed in EP-A-0283075 and EF-A~0284X2«, Also SAVIK&SE* 
CHovo-Hordisk) is a iseisber of tfeis group. smWhS^ contains the 
«subtili&i$i 309« enasma, %ibich is derived from Bacillt:is strain 

15 nciB 1014? S^at^nt JSo* 3, 723, 750) . Xts aisiino acid ss«3a®n«® 

is disclosad Ik WO 89/0«s?5^ wliere 1:h® strain is referred to as 
msA3Jm lentas . The aminp acid se^jueisces of fc3!i«ssa two 
protfe^s^s appear to differ oiiiy at position 85 <taMstg tfe« 
residue nuisteering of the J>S§2 pr«t®ase, which ccirresponds to 

28 position 87 in the BFH' liuisbering) , wiiere PB§2 has an 
asparagine in the one letter assino acid code) and 

»»Subtilisin 309^' a serine C«S«) . 

Since the protease is active in stain rexaoving at 

alkaline pH~valties^ it is cosissonly used as a detergent 

25 additii?e, together vith detergent ingredients such as 
s-«rfactants, builders and OKidissing agents. The Xstter agents 
are ssostly usea in powder form. The detergent additive may also 
contain other ensymes, for example amylases, cellulases and/or 
lipases, as far as tbey are compatible with the protease. PB32 

m protease has a hiqh stain resaovin^ efficiency as compar«fd to 
other proteases, such as th^ »classic« subtilislns which are 
well known in the art. This saeans that less FB92 protease is 
needed to obtain the same wash perfoCTance. Sensitivity to 
cscidation is an iseportant drawfoack of the PB92 protease and all 

3S other known serine proteases used for application in 
detergent s * 

Originally the commercially available alkaline 
proteases such as MAXACAL* were developed for application in 
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detergents at enhanced temperatures in the rasige 40"60**C< 
However nowadays, ciecause the grov^ing esspbasis on ecossotsy; 
tissire is an oticfoing x^isndmicy to switch to low©r teisperatures , 
As a cojisequence the lov/er waeh perfonsance at reduced 

s temperatures, e.g. IS-as^C, is iiaportant hatidica|> of tfee 
excisting coajsiercialiy alkaline proteass:S» 

There are several ways of obtaining new ®nzyt&&s tor an 
i«t«!nd«d application, which are a.li krsown to the skilled 
artisan. Modification of existing enssymes by protein 

18 engineering is likely to be the Kost popular and eflective 
isi&tlioS nowadays. 

The »DSt specific ^ay of obtaining moaified ensysses is 
hj site-directfed sautag^rsfesis, emfeXing specific sufostxt^Jtion of 
ans or more amino acids by a«y other desired amino acid. EP-A- 

is 0130756 sssemplifies the use of this teehnigiie for gmrating 
mutant protease genes which can be esspressed to giw modified 
proteolytic enzymes* very effective method is tJife oligo- 
htacleotide laediated site-directed mutagenesis, which allows a 
nujBber of different aautations to be introduced at a specific 
part of a DHA sequence by using a single synthetic oiigo- 
mclectide preparation* 

For a eomprehensiive suisrsery of the various deterqant 
compositions and enzyi&es, their physical foTxas, the conditions 
which the enzymes have to sseet for optimal functioning, the 

B problems and Hesitations of the currently available ensjymes for 
«se in detergent engy^-e compositions, preparation and screening 
of sautant proteases, etc, reference may be ssade to EP-A- 
0328229, which is incorporated herein by reference. 

WO claisjs inter alia mxjtants of the 

m '*suhtilisin 30S** protease, in vhich one or isore reelduee at the 
following positions are substituted (taking the original BPK* 
residue numbering) s 6, 9, 11-12, 25^ S3"S9* €7, 71, 

104, til, lis, lao, ISl-XSS, 124, 128, 131, 140, 153-1S6, 
168, 16S~170, 172, 175, 180, 182, 186, 187, ISl, 1S4, 1^9, 

^ 21S, ai§, 222, 22$, 2S4»a38, 241, 260-2S2, 2SS, 268, or 275. 
The number of e:^ampXes in this reference descrifcisig mutants 
•which have been actually made and tested is restricted to only 
eight, while no laore than four positions are involved* These 
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aSSSE, HglSS^ fG19SE MSaSA] , [GISSE 
M2a2Cl , and m22C. 

EPK~'h'~Q2ZB229 disciosfe^ &nd claims inter alia mutant 
px'oreases w^a.ch have at, least 70% homology with the asiino acid 
5 sequence of PB82 serine protease and differ by at least one 
asLino acid residue at a selected site correspoMirsg to 32, 33 ^ 
48-54, 58-62, 94-^107, 116-~X18, 123-134, ISO, 1S^5»XS6, ISS-lSl, 
164, 166, im, IIB-IBS, 1^7, 198 and 203-216^ 235^ 243 and 259 
in eaid serine protease, an^ having improvad wash 

performance and/ or ijaproved stability relative to said PBS2 
serine protease. This rsfer^ce is fes£eaj|)lif i«a hj 69 ssutants, 
in wMch 17 posifeious are involvesd* 

Despite tfee progress wfeicli ses»is to have feefeti jsade in 
th« passt tmf years, tfe^s-e is a contiming interest in tfee 
15 development of new proteolytic ena^rsaes vith improvfed properties 
which mak® them more attractive for «se in detergents* These 
properties isay include, hn% are nofe Xiisited to, fe«tter wash 
lisproved stain removiiig ability at low latsndering 
stabiiitjr upon stora^s, or improved 
2C stafciiity while tJjej «re used* 

iiiimi:...M...fii imgLan 

In one aspect the present invention provides new PB92 
as or Subtil Isln 309 mutant serine protease having specific 
jaxjtations, resulting in considerably improved properties which 
siake thejn very suitable for application in detergents, 
especially laundry detergents* Tbese PBS2 or Subtil isin 309 
mutants include mitations at positions 60, S?, 9?, 99, 102, 
m 116, 117, 126, 127, 128, 130, 133, 134, 154, 156, 158, 159, 
160, 164, 166, 169, 175, 180, 182, 193, 197, 198, 203, 211, 
Z%2, and 2l«* 

In a preferred embodiment of the invention there are 
provided PB92 and subtilisin 309 mutants having a mutation at 
5S position 102, preferably in combination with at least one 

farther mutatioB, Of these, the PB92 mutants [S99G,V102K] and 
CV102N,HX9aO3 are most preferred. 

In another aspect the invention provides new enzymatic 
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detergent compos itioiss, comprising a proteolytic esijsym® product 
Mhich contairjs at least one of siich nm MJtant proteolytic 
mnzym&, wiiether or not. itt conj action with other ^zym&Bf for 
exasspl® amylases f cellulase:S assci lipases. 
'J Thsj^se and other atspects of the invention will be 

further outlined in the detailed descriptions hereinafter. 

13miLil?...i:>ig.SEII!flg!^..0F..TEi..I|r^ 

10 BY tfe« tens *' improved properties** a.s ased in this 

specification in connection with »TOtant proteases'* we mean 
proteolytic ^nzymBB with iisjproved wash performance or improved 
stability with retained ^if&^h perforssance, relative to the cor- 
responding wiid-type prct^ase. 

n The tern *?«aeh performance** of mtstant proteases is 

aefxKed in this sp«cificatioB as tlxe contrife«tioii of a mutant 
protease to laundry cleaning additional to the effect of the 
detergent composition without onssyme under relevant washing 
contritions. 

m Tlie term «rfelevant washing :Conaiti6sis« is iised to 

indicate the conditions, partictalarly washing tetnperature, 
tiaie^ washing stechanics^ sud concentration, type of detergent 
and water hardness, acttxally txsed in hotj^seholds in a detergent 
market segment, 

25 The term "itsproved wash perforssance'' is to 

indicate that the wash performance of a js^tant protease,, on 
weight basis, is at least greater than 100% relative to the 
corresponding wild-type protease under relevant washing 
conditions, 

M The tersi: "retained wash performance" te used to 

indicate that the wash iserforsaance of a mutant protease ^ on 
weight basis, is at least 80% relative to the corresponding 
wild-type protease under relevant washing conditions* 

1»he term ^improved stability'* is used to indicate 
better stability of mutant proteolytic enzymes in laundry 
detergents daring storage and/ or their stability in the sud, 
which includes stability against ostidissing agents, sequestering 
agents, a-utolysis, surfactants and high alkalinity, relative to 
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the eorrssponding wiia-typ« ^TisyBe. 

mp-h-^miBllB <aescribes a method which the 

preparation of mutant proteases is cossbined with an efficient 
selection proc^dur^ on the pisrforsaaBce of these proteases ^ The 
5 test systems is based on th«s ramov&i of protease sensitive 
stains fro355 test swatclies in a launderosseter or tergotcBeter, 
imitating relevant washing conditions » $\iitab5e test swatches 
are., for example, the cossaercialiy available EWPh swatclies* 
(Sidgendssische Hat<srial Prufungs mid Versuch Anstalt, Sr. 
10 aallen, Switzerland) art.lf icially soiled with proteinaceous 
St sins* Stelevant stains on swatches for testing proteases 
include biood; grass, chocolate^ and other g>roteinaceous 

m^t in fchis test ss^stsw 





ars^ csontrolled in stuch 
tSfpical for feousshold asp^li^ation in 
CTO be imitated. 

Wash performanoe of proteases is 
fey their ability to reiRove certain representatiw stain® under 
appropriate test conditions. This ability can be suitably 
detei-mined by rotMectanco xaeasurements on the test ciothSj. 
after washing v.s>ith and without enzymes in a launderometer or 
tergotoxneter. The laboratory application tsst systems according 
to the invention is representative for household application 
When used on proteases which are ssodified by DHA iKUtagenesis. 

Ix^ order to practice the present invention essentially 
the saise jsethod can be issed for the preparation, screening and 
selection of further mutant enzyssee ^Serived frosj wild-type 
by aXle«lepbiIic Bacilli. Preferred 
foy a g^snsE iSiferived from a wiM~ty|se 
m s^riJie protease ©r Subtili^in 309 




test oojiditions sseBtioned abov«. Also ^enes encoding cioseiy 
3S rolatM serine proteases, preferably having a homology greater 
than ateo«t 70%, more particnlarly greater than about 90% , are 
very suitable » 

It will foe clear that eit-her oXigomscleotide aided 
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sit® directed msi^^nmiB or rsgto 4ireet««l raJsdom ; 
cm hm nm& m my ©mar ^witefeie metljod for ^fficisBtly 

X« accordance witb tSbe itiTention, wrious mutaRts were 
§ ofctai-Bed vith «»€Kp0ctsdly Improved properties, i,e, a 
considerably higher wash piferforssanee;, iMprovaa stain removing 
ai^ility at low Xa«ndering temp^raturs, or coftsiaerably improved 
storage stability with a similar or better wash 

performance. These issprovaiaehts were surprising, eii^ce they 
to %'are ?i«itfeer suggested by, nor could ttoey l^e derived in any way 
frdia tfee teaching of EP-A-3a8g2§ or mj ot&er prior art, aitte 
&lone or ^^fee« taken together. 

pt^mnt invasiti'on tfeerefora provisleg a B^taist 

w mm at Xwt 70% hosoiogsf witfe eitfeer the miaino 

of 




Q-»Y-»S-»A-0'~L-D"I~\^™A~P-G«'V-|^'~V'-Q«S~T-¥-P-G-S"T-'Y^A-S'"L<-H»S 
£5 M- A-T-P-H-V- A-G-A-A-'A^ L™V- K^-^^K-I^ ~ S ~ V-^-- 1 -E~P-H- L-K-H™ 

or the aiaino acid seqiseTJce of Stsbtiiisin 309 serine 
protaas® having the amino acid sequence; 




^immim W at least mmm mM T^BMm at & 



seXected site corresponding to positions positions 60;. 87, f 
99, 102, 116, 117, 126, 127, 128, 130, 133, 134, 154, 156, 15S, 
153, 160, 164, 169, 175, ISO, 1S2; 193 ^ 197, 198, 203, 211, and 
216 in said PB92 serine protease or said Subtilisin 309 serine 
s protease, 

having improved vsash perforsjance and/or i:mprovsd 
sta&ility relative to said FBS2 serine protease or said 
SuJstilisin 3m mrin& protease, 

h preferred ^rojsp of saatant protease according to the 
ie invention are those Batants of FB92 or sabtilisin 309 protease 
^fhich differ by at least one of the following mutations s 

VIO213, [S99G,V102L3, rS09S,VlO2H3, rS99S,Si30G] , [SS9<3, 

IS r^iaaci, fvxoaBj* t'V'iosxj, cvxosi.axisv.sxasv^pig^M] , 

a;U6\^S136V,P127^S] , t'^i^2I„S130G3 , CV102L,M216F}, ["S^XOgL, 
1^21631, [Yl02Mj, rvia2N], n/i02N,XYZ-, where XlfB iai any modified 
ajijino acidl, f V102S!^,R164Y j , [ Via2H,H19gG) , [V102N, H197T, NISSG] , 

20 {V102K,N19SG,Y203W3 [ V102N , ¥2 03W3 , [^'^^3?^ , L2 1 IE ] , 

i:V102H,H£16X, where X is any amino acid except HJ , 
r¥10aH,M21SS] , t^i«?^]^ [VlOaP.MaiSEj , [V102Qj, [V102Q,K216S] , 
[V102S:;, rV102S,M2i6S3, CVX02T3 , [¥102Y], rG116\%S126L,P127N, 
S12SV,A15€E1 , [G11SV,S126L,,P327H,S128V,Y2D3W] , rGllSV,S126L, 

25 F127Q,S128A,S160D3, [G11SV,S126L,P127Q,S12SA,M216S3 , IQllSV , 
S126I«,FX2?S,S12S^3, CG116V,Si26H,P127S,SX28A,H21«a3, [GllSV, 
BX26^,^%Z7B,BXt$htmi6B} , [ 0116V, S126R,FX27a,S2.28D,M21SS3 , 
|:aiX6V,S126R,P127Q,S128»,8S216S3, [ail6V,SlS6V,F12?E, S1.28K, 
SieO»3 , |SS116V,S126¥,P12?M,S160B3 , C0116V^SI2SV,F127M,H198<3i , 

3e i:GllSV,Si2SV,P127S!!,^f203WJ^ [<3116V,S12eV,j?ia7M,?r203C3 , fMlX^L] , 
[S126F,F12?3£, ttfhere X is any aiaino acid SKcept P], {;S126K, 
FX2?A,SX28S,S160I>3, [S126H^Pi27A^S128G,H216Q3 , Pi27M] ^ 

rP127E3, [PX27B,S12ST,M2X6S3, !rF12?B,Y203W] , [P127S, L2ilE] ^ 
[S130(SJ, [S130G,S203W3, tJ^X33IJ, CX^XSSJJJ^ CLI33W3, [L133¥3^ 

B C1134C3, t^lS4&,Sl60Sh tSX54G,SX60O3, C^IME] , [S154G], 
rS154^], (M§€»3, tM&€K3, |:^^S6^S3, rSlSgD), rSl&SE), [SISSE, 
llSSLj, [S158H3, [S159E,I158L3 , tSl^OD, A166D, M16SI ] , 131600, 
}?2I2Di, j:S160D,.M216Q3, [Sl&OBK [S1€QG3, |:R164Ij, [Sfl€4M], 
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tBaS4V3, [Ri64«3, r»3.?SE3, [RXSQI], [Vi§7L}, {Vl^lM} , {'V^l'^lT} , 

tMiS8<S,Y203W3, tH138G,H21SS3^ |lfiS8Q}, [HISSSI, C^Sl^SV] , 

[¥2030], [5^20313, {YZmQ} , [Y203K] , [Y203L] , iY203L,VlB3A) , 

CY203W,*?216S3, 1^^3.1-3^3 » lh2llx,mi2Z, %fls«re X is any amino acid 
except L ami g is auy aisino acid m^c^t H], C3t.S2.1B,H21€S3 , 

[M212E] t 

having improved wash p^rforaance. and/or isjprovod 

W stability relative to said serine protease or said 

SubtiXisin 30S serine protease. 

Preferably, th.© mutant proteases according to tho 
prsssetit iRveatloti are in STatostaittially pur® £»r». 

Accojpaitig to &n aspect ©f tJi® invention, certain n«w 

t5 mutant proteases sfeow a considerafely ijsprovea resistance to 
csKxaation, whereas th«ir «fash performance is also better and in 
many cases significantly better than the wash performance of 
the correspoBding wiXd-typa protease, TIsese mutant ensymes bave 
in aosmon tbat the mt&ionin® at position 216 is 

20 stsbstittited by another aiaino acid, preferably serine («S«) or 
gitttassine . Also substitution by phenylalanine («f«) or 

alanirse C«'A'^} is suitable. F«rthsr siibstitutions inciuck^ the 
positions 60, 99, 102, 116, 127, 128^ 130, 1S4 , 156, 158, 197, 
203, 211 and 212, Preferred enxysaes are those K2:i6S arsd 

m siutants which are further suJbstituted at position 1D2 or 

at one or rsore of the positions 116, 126, 127 and 12S. Also 
M216S and K21€>Q ssatants with sxibstitiitions at positions 197, 
198 and 203 are of particular interest , Preferred mutants are 
CM60E,M216S3 , [S99G,M216S3, [V102A,M216S3 , [Vi02L,M216B] , 

38 CV102H,JS21«SJ, fV'lOaP.iiai&Sj , !:yi02Q,M2i6S), CVX02S,H216S3, 
t<3XlSV,S126L,P127Q,SX2aA,Hai6S| , {QXISV ,S12&ii ,P127B ,S12Bh, 
mi$B}, C?§X16V,Sia€R,P127a,S128D,H216S}, [P127E,S128T,M21€SU 
[V19?T,Hai6S3, [H19S<3,M2X6S3, [V203W,H216S] , [L211E ,M2I6S1 , 
[SllSV,S126H,PU7S,S12ai^,H2X6Q3, iS12m,^l27A,Bl2BQ,n2ieQ} , 

It should be noted tbat EP-A-0328229 describes isjprov«d 
oxidation stability with retained ??ash performajjce of certain 
M2X6S and mim snutants of P892 and similar high alkaline 
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se^rine proteases, Howw«r this reference does not t,eacb or 
suggest tbat t,he "'216*' mutants ot FB92 or Subtilisin 309 r^ith 
the above-defined jsutatioiss would result even In a 
ssignif i.cssntly improved ^asli perf onaance . 

5 In abothsr aspect of the invention certain new isutant 

proteases vhich are generally not o:^idation resisstant, show a 
considerably iasproved wash per^omance, Thsse jsjut^ant ers£.y»s 
bave one cr »5ore stsbstitution.^ at positions S7, S7, 99, 102, 
116, 111, 126, 121, 128, 130, 2.33, 134, 154, 156, 159, 

10 160, 164, 166, 169, X?5, ISO, 182, 193, 197, X9S, 203, 211 atid 

212. Fr©f«srr«d jsutaLnts &rs those which haw at least two 
sjodifications out of th&se defin^^a positions, Thes<& 
modifications include thm positions? ootsblned with at least 
one additional mtatlon at a position sol«ct®a from tfee group 

IS comprising positions IQZ, 130 or 203? 102 cojsbinod with at 
least on« additional mutation at a position selected from the 
group coiaprising positions B7, m, IM, 1X7, 127 ^ 128, 

130, 133, 134, 154^ 1S8, 1S9, ISO, 164 ^ 16$, 16S, 1T5, 

ISO, 182, 157, 2QZf 211 or 2X2, preferably with at 

2s least one additional sjutation at a po&ition selected fro«\ the 
group cossprising positions 130, 164, 197, 1§S, 203 or 211? 
116, 126, 127, 128 cossbined witb at least orse additional 
mutation at a position selected frojs the group cojsprising 
positions 99, 102, 130, 156, 160, 297, 198, 203, 211, 212, 

25 preferably with at least one additional mutation at a position 
selected from the group cois^rising positions 102, 1S6, 160, 
198, 203, ailf 12S and 127, preferably with one additional 
ssutation at a position selected fross the group comprising 
positions 1Q2, 156, X60, 198, 203 or 211? 130 and 203; 154 and 

30 160; 158 and 159? X60,16« and 3.69,- 160 and 212? 19S and 203? 
203 and 203 and 193? ail aisd 212, Preferred isutants are 

CS§§G,V10aif3, [S9fS,V102]Ll, tS99a,V102Xl, S130G3, 
rS§9SA'203W3, CVXOai,S130G1, rV102X.,S130G] , C'^102!I,RX64Y3 , 
CV102H,SXSSG), |V102H,lfl97T,N198G3, tV102l!l,H19aG, Y203W] , 

3S CVX02K,Xa03??], r"^102N,L211S3, C'^X0ai,G116¥^SlS6^^P127M3 , 
CV1021.,G116V,S126V,F12?K3 , t<5ll6V,SX26L,F12?Q,S128A,S16GDj , 
lS116V,S126L,F127N,S128V,MSeEj, 1G116V, S136L., P127F , S128V, 
Y203W3, [G116V,S126N,P127S,S12SA], [G116V, S12^V, FX27E,$12BK, 
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[S116V,S12SV,PX27M,Y203W] ^ [ S 116V , S 12 6V , PX 2 ?H: ^ Y2 03 S ] , 

tS126F,<P12?A]. [SX26F,P:l2?D], P127H] , f S126F,P127M] , 

V rSiSSF; FX27Q] , [S12SV,FX27M] , [S130G, Y203W] ^ rsi54G,S160G] , 
rSX54D,S160OJ, |SXSSE,Ili&$j:0, rS1600,aX6SD,H5.69I] , [SX60D, 
H212DJ, fN198G,Y203W] ^ |;^'S03T,S182H1 , (■Y203\r,V193Aj , [Y203L, 
V193A]^ |:L2iXG,!l2X2Di, rL211H,K212D] , [L21XV, N2X2I>] ^ |L2Xn, 

m In still another aspect of th& inv&ntion certain tsew 

TOtant PB92 a«d SabtiXisifi 309 proteases exhibit unexpected 
activity on cacao stains, which was in no way predictable fross 
tb@ prior art, such mutant proteases fea^e one or 3a«r# 
substitution® at positions X02, 116, 1X7, 126, X27, X2S, 133, 

IS 154, ISS, 1S8, iS§, 1€Q, 1$4, 19?, 198, 203, Zll and 316 « 
Fref «rrea isutants are those whidfe haw at least two 
sjodifications out of these defined positions. ISbese 
saoditic&tione include the positions t 1Q2 coiisfoined with at 
least one ad<litionai mutation at a position selected from the 

m group coasprising positions 164 or 211? 127 coaSfeined with at 
least one additional ja-«tation selected froisj the group 
comprising positions 203 or 211 ? IS4 and 160 ? 158 and XSS, In 
addition, these jsodif ications isiclude position and 
ccf>?a:dnea with at least on© additional ssutatioji at positions: 102 

25 or 211, Preferred mutants are : [ V102H, EI64YJ , rvi02H, L2iaB3 ^ 
[VX02N,N198G] , [ P127E , Y203W] [P127E,L2I1EJ . SI60G3 , 

[SX54D,S160Gj , [S158E, Il&^Lj , |;M216S, V102Q3 , [H216S ,L211E3 » 
In addition preferred mtants are the PBOa HSlfiS mutants with 
further substitutions VIOSQ and X.211E, 

30 In still a further aspect of the invention certain new 

imtant PB92 ana Subtilisn 309 proteases exhibit isaprcved stain 
rsisoving ability at lower laundering tesiperatures, e.g. about 
20*C» These j&utants have nsually one or more substitutions in 
the PB92 or subtilisin 309 ensyme at position 99, 102, 116, 
12€, Xa?, 12a, X30, ISO, 197, 19g and a03. Preferred mutants? 
are those which have at least two modifications out of tbase 
defined positions. These modifications include the positions: 
§9, coisblned %rith at least one additional mutation at positions 



wo 
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102 or 130, preferably with a sj-atatiors at position 1:^0," 102 
co-mbinBd ^with at Isa&t one additional stutation selected frois 
the group coisprising positions ri97, 19S or 203^ preferably with 
at least one additional mutation at positions B3 or 198, most 

s preferably with an additional lautation at positioi) 99 or 198: 
126 combined with at least one additional mutation at positions 
116, 127, 12B or X«0, preferably 126 cossisinod with 127, 
Preferred Mutants are [S99G,S130G3 , tS!590, VioSJ^ h rS9§G, Vioai] 
|iVlD2H,H198G] , [V102K, , |¥I02M,¥197X ,H198G] , rsi3fiV, 

10 l>12?Mi, [S126F,P127H3^ [OX16V, SX26¥, P127«,SI50D) , [G11S\%S126L, 

Useful muti&nts may also be m&de tejf combiniiig any of 
tiis mutations or sets of isutations describe*! iji tStsis 
specification* Besides * it is possiMe to «0istoiis« useful 
M mutations as disclosed herein with mutations at otfear sites, 
wbicte may or ssay sot caisse a «staritial ctfcianfe iJi tise 
properties of the ensyme* 

To illustrate the significance of the approach used in 
this invention for obtaining new proteases suited for 
a application in laundry detergents, i.e. by using representative 
la\indry application testing as primary selection criterion, the 
results of the wash perfornsance tests of mutant proteases 
were compared with biochemical parameters ae usually deterjsined 
in protein biochemical and ensyjsoiogical 
25 results allow the conclusion that any relation 
ietermining affinity tm defined 



kinetios of the proteolytic reaction aud wash performance is 

l^herefore* it is of course also possible to coMsins 
two or ssore sautants with different properties in one ensyB® 
product or xn the 
may not have a synergistic 

tee ^se of 

proteolytic 

in 

sition may also contain one or more other enaymes, for 
pie an amylase, cellulase or lipase which should, be 
atibie with the protease or proteases of choice. ThB 
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selection of the best cossfoination of eKsymes usually dep^ms on 
th^ reqviirements ami nee«5& of tlie cur^toBer, b»t generally does 
not r«guire inventive skill. 

Finally, it will be claar that &y deletions or 

5 insertions of the &min© acids in the protease polypeptide 
chain, either created atrtif icialiy by ssutagenesis or naturally 
occurring in proteases hojsologous to PB9S protease er 
Subtil isift 309, the ntusbering oi the aiaino acids ssay change. 
However f it is to be understood that positions hoisoiogous to 

10 asiino acia positions of protease or SubtiXisin 309 will 

fall mmr tMB Bcop^ of tb^ elaiiiis. 

The mutant proteases according t« the invention can tee 
saadfe in essentially the sause way a® descrifoea in EP-A-OSSSaas. 
Also, the praisaration of the geises which encode the desired 

ts Butant proteasse, the cXcniftg and esqpression of said genes, the 
choice of a suitable host, the feraentation conditions, 
recovery, purification, screening and selection of the estsfmes, 
etc., are essentially the »aise as described in ES>-A-'03aSS2& and 
are well within the skill of an ordinary worker. 

as The following Exaiaples are offered by way of il- 

lustration not by way of limitation. 



Materials and Methods whicsh ir^cludes co^tstruction of 
the sjutants, production of the m^Jtants^ puril'ication, high 
perfonsance lisiuid chromtography C^Pi^C) using cation exchange 
resin and g^l filtration colutan, polyacryl amide gel- 
electrophoresis, active«site titration and determination of the 
kinetic paraiaeters are similar or identical to those descriteed 
in EF-l^-oa 28229, except when stated otherwise. The mutants 
which are mrked in the sKassples with the extension were 
purified and stored in ths presence of z m dithiothreitol 

15 cwr. 



The wash perfonsance of various PB92 protease iKUtaKts 
-was detensined in a specially deveiopea wasliiBg test vhich is 
s described in detail in EP-?v~03282a9. In addition t:o the sodia^s- 
txipoXyphosphate (ETPS?) containing povder detergent lEC -STPP in 
this exaspie also a non-phosphate containing powder detergent 
{IBC-seolite.) was «sea» Tise typical features of both test 







srmaiic^ of the 












IEC"~s®olit'& 




4 g/l 


? g/l 


swd volume per foeak^f (lal) 




a 00 


t^sspe ^ttsre ( * C) 


40 


30 


time Cmin.) 


30 


30 






XEC»»e©Xite 


detergent dosage (g/X) 


3 *m 




Ka-p®rborate»4aq. W/l) 


0,32 


1«4 


TAED (sjg/I) 


60 






2/2 


2 / 2 


CFT CACAO (SseSCM) 


0 


2 


EMPA 221 clean ss^atch (IQxlOcjs) 


0 


2 


Stainless steel balls (^Bsm) 


0 


W 


[Ca^3 (isK) 




a 






0.? 




2.5 


0 


The lEC-STPP detergent p 


DWder (XEC Test 


Detergent Type 


I, Forssulation May 1976) and th^ 


lEC-xeolite de 


tergent powder 



fFonsulation April 1988) were p^jrohased frors ?i?FK-Testgewebe 
GlstoB, AdierstraSe 44, Krefeld, Germany « The perfor^sance 

on cacao was measured ors CFT swatches { purchased fro^ 

CF?, Cesiter For T«st Materials, FO Box 120, Vlaardingen, 
ifeth^rlaMs) . mutants, Ee?S ana E8?Q, were tested In the 

lEC-STFF systejR at IO9/I of STPP/bleach containing powder 
detergent a^ indicated in Table II, In addition performance 
iseasisrements at 4g/l were mad-a in the XBC-STFP systesj «tiich was 
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sli^fetiy modified (indicated as MS± i» the tables)? Instead of 
4 0*C, 30 5£.i.nutes and 2m Cs^** the wash perfonaance tests were 
carried out at 30^C during 20 5»inut«s in the presence of 5ssH 
C&^* I» addition 2 mm 221 swatches and 13 stainX<&ss sta«il 
S ball» with a 6 i&Ts diameter were includea. 

The results are siMsarissed Irs the eccojspanying Tables 
X, II, III . 



In order to detssisine thm wash perfprmaiic® 



©f s» of 
ccmdxtisms of l«w 



desteirgeKcy to aimic t^ic^lly U.S 
in a 
ti mt with 
ain characsteristics ©f t^s^ test ^sre sti; 



washing test similar to the 



sud volume per beaJt«r 1^1} 


200 


ti^© Cm,) 


20 


detergest A dosage (g/l) 


1*3 


EMPA 1X6 / 117 


2 / 2 


CFT l^~3 cacao CSxSc^) 


2 


mPh 221 cl^&n swatch 


2 


stainless steel balls {okmrs)} 


ir> 




2; 




0.7 
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*mB cosspositioTs of Dst^rgesit A was as follo^rsj 





% fey 


alcohol ethoxylate 


13% 


LAS -90 


7% 


polyacrylate 


1% 




35% 




3% 




S0% 




4% 




S% 




to 100% 



Prior to aadition of FB92 protease or mtants thereof, the pK 
?5 of th« wash li^or w&s adjusted to 10.2. The rsssiilts are shown 
in l?afel« IV. 

In adaitiort the ^ash performance of soisse of tJie 
mutants vas deterssined at lower temperature. The results at 20*C 
are shown in ta&l® IV* All the mutants «hlch are shown perforss 

20 significantly better at 20«'C than does the wild type under these 
coftditions* Very surprisingly sosje of the mtitants, such as 
[V102H,S99G3, r¥102H], [GllSV, S1^6V, P127M,S160D] do show a 
beitter vsrash performance at; 20^e than at 30''C> This is opposite 
to what waa expected froia the b^shaviour of wild type : The 

25 vash perfoosance of FB93 9oes5 down upon lovfering the laundering 
temperature. So it seeiss that our approach to ijsprove the wash 
performance of an alJcaiine proteases by site specific 
en<3isxeerin9 oan also shift the tesjperature at which thsse 
proteases exhifeit optimX performance, 

39 
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wash p^rforiaaBC® {%) 


FB92 protease mutants 
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V1S7I, Hl&SG 
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^^^^^ . 






B12m, F127M 












IPXaiM^ S116¥, SieOD 






SnSA,^ 


212 






im 












132 





si.d. f not a«Et«srmitted 



?s In all «L5q>e.riisents the wash perforssance was detensined 

relative to the PB92 wild type protease. In additior? to the 
afoove-mentioiiied detergejit A, the wash psrforisance was also 
determined in several cosmercial 13. detergents « The wash 
rsstilts were aiiail&r. 
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publications ClBcl«<$iBg pat^ist appiications) 
iaentioned in this specification ar« indicative to the levei of 
skill of those skilled in tha art to vhich this invention 
pertaxBs. All publications are herein incorporated by reference 
5 to tbe same extent as if each individual publication waa 
specifically and individually indicated to be incorporated by 
reference , 

Although the foregoing invention has been described in 
so^e detail by way of ii lustration and exaxsple for purposes of 
clarity of understand! ing^ it will foe apparent to one of 
ordinary skill in the art that 5^)any changes and i&oditrioations 
can be made thereto without departing frosi the spirit or ^cope 
Qt tlje appsbBdei^ claim* 



h aswtant prote^ass for ««e An a«t«Tg«nt» which 



having at lea; 
of PB«2 



ogy with either the amino 
having the a^iBo acid 



V"L~D~T~G~I-~S--T--H~P"D~L~N~I~H~G~-G"A'~S-"F~V'~P-"G~E'~P-"S~T~Q-~D~'G-!^-^ 

K"V"L-G~A-~S-«G~S"~G~S--V-S~S--2~A-0-G-L-E-^^~A~a~N-H-(3~M~H~V"A-H-L- 
S~L"G«S-P-S«P»S~A~T~L-K-Q-A-V-N~S~A'-T-~S~R~G~V--L~V~¥~'A~A~S--G-"N~ 

T»A«T^S«l>^G"S-T"'!¥rL*¥-G-S^©-I.-^V-N"A"E-A^A-T^^ * 

or tlje astino acM sequence of Subtilisin 30$ seria® 
protease having the amiBo acid 




G"H'-G~T-H-V^A-G~T™I~A-~A~L~H-H-S~I-«S-¥~L~a'«V~A~P~S~A~E~X^»Y~A"V'- 

K--V-'l-G~A~S~G-S~'G~S"V-S~S"I'-A~Q~G~L~E~l^'-A'~<3~H"N~G~H~H 

S"L--G-'S»F™S~P™S"A~T-L~E-Q~A^V-N-S-A-T~S»R~G~-V-L-'V~V»A"A~S~G«-M- 

S"G-A-G~S-I-S~Y-P-»A~R~-g-A-.^^A~S^~A~V»G~A~T~D~Q~M~l^~H~R~A~S~F~S~ 

Q"-Y~G~A~G'-L-D»I-V-A-F-G-'V~K-V-Q'~S-T-Y-P-G-S-T-¥-A^S-L<'N"G-T"S» 

K<'A<-T-P~H-V»A~G-A-A~A~L~V«K«Q-'K~F'-F~S~W~S~M~V~Q~I~R'~K~H~L-K»H- 

di£l'erin9 by at least on& a^ino acid resid-ua at a 
selected site correspondimj to positions 60, 87, 97, 9$, 102 , 
Xl», II?, 126, Ig?, 128, ISO, 133, 134, 154. 156, 158, 159, 
160, 164, im, 175, 180, 182, 193, 197, 198, 203, £11, and 216 
in said Pmz s«rin€! protease ©r said Sufetiliain 309 serine 



perforsiaiice and/or improvea 



having improved wasi 
stability relative to said 
Sisbtilisin zm serine protease. 



2. A jjmtaist psrotease mccmdix^ to claim 1, vfeich 
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t&Ts trom said m92 serine protease or said sufetiXisin 309 
serin© protease by «t least one of the following mutations? 

[Vi02G3, C\'i02H],, [VIO2I3, |V102I,G11SV,S.126\%P127M] , 

[V102X,Gil6\%S126V,PI27M3 , [¥1021 , j , CY1.C2L] , [V302L, 
GlI6V,,S126V/s?12?H] , (\^102L, S;l30G] , rV102L,M2i6F3 , [V102L, 
M2I6Si, [V102Hi, tY102J3], [\a02N,X¥2;, Where XY7> is any saodified 
IS amino acid], [V102H,1I€4Y] , [ViQ2H,H198G] , [VlO2N,NlS7T,H108e j , 
[ V102iN-,H19SS, Y2Q3Wj * [¥102!?, Y2 03W] , f V102H , L2 HE 1 , 
r\^102K,M216X, Where K Is any amino acid esccept M}, 

[VX02S3, CVa02S,M216SJ, [YXSaTI, IV102V], £Gll6V,Sia6L,PlS7H, 
IS S128V,A156E], i;Gll«V,S126X,,P127H,S128V,Y203W3 , CG116V,SX26L, 
P127Q, S128A, SX60D3 , CGX16V,SX26L,P127Q,S128A,M216S] , {G1X«V, 

PX27S,SX2SJ^3 , E®1X6V,SI26I?, FXa7S,SXaS^,:lSS16Qf3 , C®1X€Y, 
SX2eM,P127S,S128A,M£16S3, rG116V,S12gH,PX27Q,S128D,ll216S3 , 
[G116V,SX26R,F12?Q,S12SD,M216Sj , C<51X6'V, S126\% F127E , S128K, 

» SXgOD]^ ((S116V,S12SV,P12?M,Si€0D] , |G116V, S126V,. mSSS} , 

CGX16V,S126\%PI27M,Y2Q3«3 , fG116V,SI26V,P127M,¥203Gl , [M117Lj, 
CSX26F,P12?>:, -sfhere X is any assino acid except Pi, [S126M, 
FX2?A,Si28^S,,S160D] , [SI26H, PI2?A,S128G,M2I6Q] , [S12€\% P127M3 , 
|:PX27E3, f:P127E,SI2ST,M216Sl , Y203W] , f P127E, L21XE j , 

2S (S130G], tS13{>G,Y203Wj , [U33I3, i:i.l33Mj, [LX33'^j, fia33Y3, 
CE134C1, |rS154D,SlSQG], [S1S4G,S160<S1 , [Si54E]; (S1S4G1, 
fS154MJ, [A156D1, [A156Ej, C&XSSG] , [SXSSDJ , [SISBE}, 
IX59LJ, CSX59E,I15SL] , [SXeOD,AXS6D,HX69X3 , [SX60B, 

H2X2Di, [SX60D,mXSa3, tSX601] , [SX6OG3 , [EX642:|, rRl&4Hl, 

» |;Ei64V3, 1^X64^3, [0i?5E3, [|?180I|, [VX97L3, tVX97H3, [TO71?] , 
CVXS7T,H2X«S], lVX91'^-]f [NXSSC] , [HX98D3 , CJ^XSSE] ^ |ilX98G3 , 
[HX98G,y203W], CHX9SG,M2XSS3 , rJfXSSO] ^ C^i^S^l^ CHX9SV], 
[Y203C3, r^S03E3, [Y203G3, {YZOm} , t^ZOZh) , CY203X*,VX93A3 , 
CY203T3, fYa03T,SXS2K], |Y203¥3, tX203V,VlS3l^3 , [Y203??J, 
CY203W,M2iss], fLSXiEi, tx*2Xix,H2i2S, Where X is any amino acia 
^KC^IJt L and Z is any amino acid except , |I<211K,M216S K and 
[M2iaEJ : 

3. A PB§2 mutant protease according to esXaissi 1^ which 



„ 2S ~ 

has a TOtatiop »t miim mM 102 aM at least ona ©tlt®r amiuo 

acid. 

4. A mB2 mumnt protease aeeordipf to claijs 3> 

is selected fm® tfee group c<jiisi^tiiig of moSHJ W 

5. & mutant protease accordincf to any ©si# of claims 1 
to 4 whieli is in siibstantially pure form. 

6. A mh B&qu^xic& encoaing a isutant protease as 
aef iiiM in mny^ on® of claims l to 4 . 

Ik laetM of preparing a mtast j&r»t«ase «s aefim<3 
in asiy one of claiis® 1 to 5f wfeicsh cossprisssj 

growing a mioroojr^toism feosfc strain tTmtmtorma M±th 




a, A detergent additive cosjpri^ing om or more mxt&nt 
proteases according to any of claisss 1 to 5 and, if 

desirsdf one or ssore ensysses ®®ioct«sd from the group consisting 
of amylases, cellulases and lipases. 

S. A detergent co3s$position co35)prisirsg one or ssore mu- 
tant proteases according to any one of Claims 1 to s and, if 
desired, one or more enaymee selected frosi tlie 9roup consisting 
of amylases » c«Xlulases and lipases. 

10* mm: of a mutant protease accordiiig to any one of 
elate 1 to in a washing process at a tmsperatee preferably 
isi tise rage of afcosit 15*C to abotit 4S«C. 
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